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® A vacuum pump apparatus of a unitary construc- 
tion type has a plurality of pump stages of different 
types anranged in a housing (4) and between suction 
(2) and discharge ports (3) therein. The apparatus 
further has a gas passage (17) for introducing a gas 
having a molecular weight higher than that of the gas 
sucked through the suction port (2) into a pump 
stage spaced downstream from the suction port (2) 
by more than one pump stage. The compression 
ratio across the pump stage into which the gas of 
the higher molecular weight is introduced is in- 
creased to enable the pump of an upstream stage to 
operate with a required discharge pressure, whereby 
a high level of vacuum can be established at the 
suction port (2) of the vacuum pump apparatus. 
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VACUUM PUMP APPARATUS 



BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a vacuum 
pump apparatus of the type in which the discharge 
side of the pump is maintained at the atmospheric 
pressure. More particularly, the present Invention is 
concerned with a vacuum pump apparatus of uni- 
tary construction type which is capable of produc* 
ing a high level of vacuum at its suction side when 
used in sucking gases having small molecular 
weights, such as hydrogen, helium, and so forth. 

DESCRIPTION OF THE PRIOR ART 

High levels of vacuum are often required in 
various field of technology such as nuclear fusion, 
semi-conductor manufacture, electron-microscopic 
examination, and so on. Hitherto, turbo molecular 
pump apparatus, which exhibit superior throughput 
characteristics In the molecular flow region, have 
been used for establishing such high levels of 
vacuum. Unfortunately, however, the turtx> molecu- 
lar pump apparatus have a drawback that the 
throughput characteristics of this type of pump 
largely depends on the pressure at the discharge 
side thereof. For instance, in order that a turbo 
molecular pump apparatus may create the required 
high level of vacuum, it is necessary that a high 
vacuum on the order of 10*' to 10"' Torr. has to be 
maintained at the discharge side of this pump. To 
this end. an auxiliary vacuum pump is required so 
as to establish a high vacuum at the discharge side 
of the molecular pump in advance of the operation 
of the molecular pump. Usually, a rotary vacuum 
pump is used as the auxiliary vacuum pump. 

In consequence, the overall size of the vacuum 
pump apparatus incorporating a turbo molecular 
pump is increased and the control of such appara- 
tus is complicated due to the present of the auxil- 
iary vacuum pump. This undersirably limits the use 
of a turbo molecular pump which inherently is 
capable of establishing a high level of vacuum. 

This in turn gives rise to a demand for a 
vacuum pump apparatus of unitary construction 
type in which a turbo molecular pump is combined 
with other types of vacuum pump. An example of 
such a vacuum pump apparatus as of unitary con- 
struction type is disclosed in United States Patent 
No. 3.969.039. This pump has a plurality of stages: 
namely, a first stage constituted by an axial turbo- 
molecular pump, a second stage constituted by a 



spiral molecular drag pump, a third stage con- 
stituted by a centrifugal compressor, and a final 
stage constituted by a vortex diode pump. These 
stages are arranged in series within a common 
5 housing and between suction and discharge ports 
of the unitary-construction type vacuum pump. 

The centrifugal compressor stage and the vor- 
tex diode pump stage operate in the viscous flow 
region of a gas. Provided that the factors such as 

70 the shapes of impellers, vanes and so forth, as well 
as the rotational speed of a shaft, are the same, the 
compression ratio between the centrifugal com- 
pressor stage and across the vortex diode pump 
stage vary depending on the molecular weight of 

IS the gas flowing through these pumps. In general, 
the greater the molecular weight, the greater the 
compression reatio and. the smaller the molecular 
weight, the smaller the compression ratio. 

In the prior art vacuum pump apparatus of the 

20 unitary-construction type referred to above, there- 
fore, a high compression ratio Is obtained across 
the centrifugal compressor stage and across the 
vortex diode pump stage particularly when a gas 
sucked through the suction port has a large molec- 

25 ular weight as in the case of nitrogen, air, and so 
forth. In such a case, the axial turbo-molecular 
pump and the spiral molecular drag pump, which 
are disposed upstream of the centrifugal compres- 
sor stage, can operate in an intermediate flow 

30 region or molecular flow region, so that a high level 
of vacuum is established at the suction port of the 
vacuum pump. 

However, when the gas sucked by the vacuum 
pump has a small molecular weight as in the case 

35 of hydrogen or helium, the compression ratio 
across the stages constituted by the centrifugal 
compression pump and the vortex diode pumps is 
so small that the axial turtx>-molecular pump and 
the spiral molecular drag pump disposed upstream 

40 thereof are obliged to operate In the viscous ftow 
region rather than in the intenmediate or molecular 
flow region. In such a case, the compression ratio 
across the vaccum pump is too small accordingly. 
That is, the vacuum pump apparatus cannot estab- 

46 lish the desired very level of vacuum when it is 
used for sucking a gas having a comparatively 
small molecular weight The prior art has not paid 
any attention to this point. 

50 
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SUMMARY OF THE INVENTION 

According to one feature of the present inven- 
tion, there is provided a vacuum pump apparatus 
having a plurality of pump stages of different types 
arranged in series between suction and discharge 
ports of a housing and a gas passage means 
through which a gas different from the gas sucked 
through the suction port is introduced into the 
pump stage which is spaced downstream from the 
suction port by more than one pump stage. 

According to another feature of the Invention, 
there is also provided a vacuum pump apparatus 
having a plurality of pump stages of different types 
arranged in series between suction and discharge 
ports In a housing and a gas passage means 
through which a gas different from the gas sucked 
through the suction port is introduced into the 
pump stage which operates in viscous flow region. 

By these features of the present invention, be- 
cause a gas having a greater molecular weight can 
be introduced through the gas. passage into an 
intermediate pump stage, It is possible to obtain a 
large compression ratio across each pump stage 
and. thus, establish a high level of vacuum at the 
suction port of the vacuum pump apparatus even 
when the gas sucked through the suction port has 
a small molecular weight. 

The at>ove and other objects, features and ad- 
vantages of the present invention will be made 
more apparent by the following description with 
reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an axial sectional view of an erin- 
t>odiment of a vacuum pump apparatus in accor* 
dance with the present invention; 

Rg. 2 is an enlarged fragmentary view of an 
essential portion of a centrifugal compression 
pump stage in the vacuum pump apparatus em- 
bodying the present invention; 

Rg. 3 is an end view of an impeller of the 
centrifugal compressor stage taken in the direction 
of an arrow III shown in Rg. 2; 

Rg. 4 is an end view of a stationary disk in 
the centrifugal compressor stage taken in the direc- 
tion of an arrow IV shown in Rg. 2; 

Rg. 5 is an enlarged fragmentary sectional 
view of an essential portion of a circumferential- 
flow compression pump stage incorporated in the 
vacuum pump apparatus embodying the present 
Invention; 

Rg. 6 is an end view of an impeller of the 
circumferential-flow compressoin pump taken in the 
direction of an arrow VI in Rg. 5; 



Fig. 7 is an end view of a stationary disk of 
the circumferential-flow compression pump taken in 
the direction of an arrow VII In Fig. 5; 

Rg. 8 is an axial sectional view of another 
5 embodiment of the vacuum pump apparatus in 
accordance with the present invention; 

Rg. 9 is an enlarged fragmentary sectional 
view of an essential portion of a spiral molecular 
drag pump incorporated in the vacuum pump ap- 
10 paratus embodying the present invention; and 

Rg. 10 Is a plan view of a stationary disk of 
the spiral molecular drag pump shown in Rg. 9. 



75 DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Preferred embodiments of the vacuum pump 
apparatus of the present invention will be descrit)ed 
20 hereinunder with reference to the accompanying 
drawings. 

Referring first to Fig. 1 which is an axial sec- 
tional view of an embodiment of the vacuum pump 
apparatus of the invention, a rotary shaft 1 extends 

25 through a housing 4 having a suction port 2 and a 
discharge port 3, The shaft 1 is rotatably supported 
by the housing 4 through bearings 18 and is con- 
nected at its lower end to a motor 19. A centrifugal 
compressor stage 5 and a circumferentiaHk>w 

30 pump stage 6 are arranged in series in the housing 
4 between the suction port 2 and the discharge 
port 3. 

The centrifugal compressor stage 5 has open- 
type impellers 7 mounted on the shaft 1 and sta- 

35 tionary disks 8 which are fixed to the inner surface 
of the housing 4. The impellers 7 and the station- 
ary disks 8 are arranged alternately in the axial 
direction. As will be seen in Rgs. 2 to 3. each 
impeller 7 has one side provided with a plurality of 

40 vanes 9 which 'are curved such that they progres- 
sively approach the axis of rotation of the Impeller 
7 as viewed in the direction of rotation. SImilariy, 
as will be seen in Rgs. 2 and 4. each stationary 
disk 8 is provided with a plurality of stationary 

45 vanes 10 which are formed on the surface thereof 
which faces the rear surface of the adjacent impel- 
ler 7, i.e., the surface of the impeller 7 having no 
vane. The stationary vanes 10 also are curved such 
that they progressively approach the axis of rota- 

50 tion as viewed in the direction of rotation of the 
impeller 7. 

As shown in Figs. 5 to 7. the circumferential- 
flow pump stage 6 has a plurality of impellers 12 
mounted on the shaft 1 and a plurality of stationary 
55 disks 13 fixed to the inner surface of the housing 4. 
The impellers 12 and the stationary disks 13 are 
arranged alternately in the axial direction. Each 
impeller 12 has one side provided with a plurality 
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of radial vanes 11 formed in Its radially outer pe- 
ripheral zone, while each stationary disk 13 is pro- 
vided with a circumferentlally extending groove 14 
of a U-shaped section formed in the surface thereof 
facing the radial vanes 11 on an adjacent impeller 
12. As shown in Figs. 5 and 7, a port 15 is formed 
in each stationary disk 13 at one terminal end of 
the U-shaped groove 14. The port 15 and the 
groove 14 constitute a gas passage 16. 

A reference numeral 17 designates a member 
such as a pipe which provides a communication 
between a gas inlet 4a formed in the housing 14 
and a port 13a formed in the stationary disk 13 of 
the first stage of the circumferential-flow pump 
stage 6. The arrangement is such that a gas of a 
small molecular weight which is to be pumped by 
the vacuum pump apparatus is sucked through the 
suction port 2, while another kind of gas having a 
greater molecular weight is introduced into the inlet 
side of the circumferential-flow pump stage 6 from 
the gas inlet 4a in the housing 4 through the pipe 
17. 

In operation, when the gas sucked through the 
suction port 2 has a large molecular weight as in 
the case of air or nitrogen, the circumferential-flow 
compression pump stage 6 operates in the viscous 
flow region so that a large compression ratio is 
obtained across each stage of the circumferential- 
flow compression pump 6. In consequence, a high 
level of vacuum, say less than several Torr., is 
established at the Inlet side of the circumferential- 
flow compression stage. 6. This In turn causes the 
centrifugal compressor stage 5 to operate as a 
spiral molecular drag pump in the intenmediate flow 
region or molecular flow region so as to develop a 
large pressure difference across this stage. Con- 
sequently, a very high level of vacuum on the order 
of 10"' to 10-* Torr. is established at the inlet port 
2 of the vacuum pump apparatus. 

On the other hand, when the gas sucked 
through the suction port 2 of the vacuum pump 
apparatus has a small molecular weight as in the 
case of hydrogen, helium or the like, only a small 
compression ratio is developed across the 
circumferential-flow compression pump stage 6. so 
that the pressure at the inlet side of the 
circumferential-flow compression pump stage is as 
high as several tens to several hundreds of Tonr. In 
this case, the centrifugal compressor stage 5 also 
operates in the viscous flow region, so that it can- 
not work as the spiral molecular drag pump. This 
means that the compression ratio obtained across 
the centrifugal compressor stage is not so large, 
with the result that the pressure at the suction port 
2 of the vacuum pump apparatus is still as high as 
several to several tens of Ton'. 



A description will be made hereinunder as to 
the reason why the vacuum pump apparatus fails 
to create a high level of vacuum when the pumped 
gas has a small molecular weight. 

5 Generally, when a centrifugal compressor and 

a circumferential-flow compression pump operate 
in the viscous flow region, these pumps function as 
compressors of turbine type, and the following rela- 
tionship exists between the compression ratio -a 

10 and adiabatic head Had: 



K 

.5 ^ = <— ^ 1) 



where M represents the molecular weight, Ro repre- 
sents the genral gas constant, K represents the 
specific heat ratio and T represents the tempera- 
ture of the gas. The adiabatic head Had is constant 
regardless of the kind of the gas. provided that the 
shapes, sizes and the speeds of the Impellers and 

25 stationary disks are unchanged. However, because 
the molecular weight W and the specific heat ratio 
K vary depending on the kind of the gas, the 
compression ratio is changed in accordance with 
the kind of the gas. For instance, the molecular 

30 weight and the specific heat ratio of air are 29 and 
1.4. respectively, while those of helium gas are 4 
and 1.67, respectively. It is assumed here that a 
compression pump stage can produce a compres- 
sion ratio of 2 when it compresses air at 20'C. If 

35 the same pump stage is used for helium gas, the 
compression ratio is as small as 1.11. Assuming 
that a vacuum pump system Is constituted by 8 - 
(eight) such stages and that the discharge pressure 
is the atmospheric pressure, the pressure levels at 

^ the suction side of the vacuum pump system are 3 
Torr. for air and 300 Ton-, for helium gas. Thus, the 
conventional vacuum pump system could not pro- 
vide very high degree of vacuum when used for 
pumping gases of small molecular weights. 

^ In the described embodiment of the invention, 

this problem Is overcome by introducing a gas of a 
larger molecular weight than the gas sucked 
through the suction port 2, e.g., nitrogen or air into 
one of the compression pump stages which is 
spaced downstream from the suction port 2 by 
more than one stage, i.e., into the circumferential- 
flow compression pump stage 6. through the pipe 
17 connected between tiie gas inlet 4a provided in 
the wail of the housing 4 and the inlet port 13a in 
the stationary disk 13 of the first stage of tiie 
circumferential-flow compression pump stage 6. 
The gas having large molecular weight advanta- 
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geously increases the compression ratios across 
subsequent stages, so that a high degree of vacu- 
um is established at the suction side of the vacuum 
pump apparatus. 

Namely, the gas of the larger molecular weight 
introduced through the pipe 17 causes the 
circumferential-flow compression pump stage 6 to 
operate in the viscous flow region, so that the 
pressure at the inlet side of this pump stage 6 can 
be lowered to several Torr. This in turn permits the 
centrifugal compression pump stage 5 to operate in 
the intermediate or molecular flow region, so that 
the pressure at the suction side of this pump stage 
5 can be lowered to a high degree of vacuum on 
the order of 10*' to 10"' Torr. It is thus possible to 
create the desired high degree of vacuum even 
when the gas pumped by the vacuum pump ap- 
paratus has a small molecular weight. 

The reason why a gas which has a greater 
molecular weight than that of the gas sucked 
through the suction port of the vacuum pump ap- 
paratus is introduced into the pump stage which 
inherently operates in the viscous flow region will 
be described hereinunder. If a gas supplied to the 
pump stage which inherently operates mainly in 
the viscous flow region has a small molecular 
weight, the pump stage which inherently operates 
In the intermediate or molecular flow region cannot 
provide a required high compression ratio. On the 
other hand, if a gas having a large molecular 
weight is introduced into the pump stage which 
inherently operates in the intermediate or molecular 
flow region, the pump stage provides a large com- 
pression ratio. However, the flow through this pump 
stage becomes to be equal to the total of the 
amount of the gas supplied and the amount of the 
gas discharged, with a result that the pumping 
effect of this pump stage is lowered undesirably. It 
will be understood that, by supplying a gas of a 
large molecular weight in the viscous flow region. It 
is possible to enable the pump stage to operate to 
pump a gas of small molecular weight with a large 
compression ratio and a high efficiency. 

Rgs. 8 to 10 show another embodiment of the 
vacuum pump apparatus according to the present 
invention. This embodiment comprises a first pump 
stage constituted by a spiral molecular drag pump 
20, an intermediate stage constituted by a centri- 
fugal compression pump or compressor 5 and a 
final stage constituted by a circumferential-flow 
compression pump 6. The pump stages are ar- 
ranged between the suction port 2 and the di- 
scharge port 3 within the housing 4, A gas passage 
17 provides a communication between a gas inlet 
4a formed In the housing 4 and the inlet side of the 
centrifugal compressor stage 5. The constructions 



of the centrifugal compressor stage 5 and the 
circumferential-flow compression pump stage 6 are 
the same as those in the first emtjodiment and, 
therefore, detailed description thereof is omitted. 

5 The spiral molecular drag pump 20 has rotary 

disks 21 fixed to the rotary shaft 1 and stationary 
disks 22 fixed to the inner surface of the housing 4. 
The rotary disks 21 and the stationary disks 22 are 
arranged alternately in the direction of the axis of 

10 the rotary shaft 1 . Each of the stationary disks 22 is 
provided with a spiral groove 23 formed in the 
surface thereof facing the adjacent rotary disk 21 . 

The gas passage 17 may alternatively be con- 
nected to the inlet side of the circumferential-flow 

;6 compression pump stage 6 constituting the final 
stage, rather than to the inlet side of the centrifugal 
compressor stage 5 as in the illustrated embodi- 
ment. 

In operation, when the gas sucked through the 

20 suction port 2 of the vacuum pump apparatus has 
a small molecular weight, another gas of a larger 
molecular weight is simultaneously introduced into 
the inlet side of the centrifugal compressor stage 5 
through the gas passage 17. In consequence, the 

25 centrifugal compressor stage 5 and the 
circumferential-flow compression pump stage 6 are 
allowed to operate in tfie viscous flow region and 
thus produce large compression ratios across 
these stages, so that the pressure at the inlet side 

30 of the centrifugal compression pump stage 5 is 
lowered to several Torr. This in turn enables the 
spiral molecular drag pump 20 to operate in the 
intermediate or molecular flow region so as to 
establish a desired high degree of vacuum, say 

35 10-' to 10-' Torr. at the inlet side thereof. i.e.. at 
the suction side oif the vacuum pump apparatus. 

As has been described, according to the inven- 
tion, each pump stage of the vacuum pump ap- 
paratus can produce large compression ratio due 

40 to introduction of a gas having a large molecular 
weight into an Intermediate or final pump stage, so 
that a high degree of vacuum can be obtained at 
tfte suction side of the vacuum pump apparatus 
even when a gas sucked through the suction port 

45 has a small molecular weight 



Claims 

50 1 . In a vacuum pump apparatus having a plu- 
rality of pump stages of different types arranged 
within a housing and between suction and di- 
scharge ports in said housing to suck a gas 
through said suction port and discharge com- 

55 pressed gas through said discharge port, the Im- 
provement which comprises a gas passage means 
for introducing a gas different from the gas sucked 
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through said suction port Into a pump stage spaced 
downstream from said suction port by more than 
one stage. 

2. A vacuum pump according to Claim 1, 
wherein said plurality of pump stages comprise a 5 
combination of a centrifugal compressor stage ad- 
jacent to said suction port and a circumferential* 

flow compression pump stage downstream of said 
centrifugal compression pump stage, and said gas 
passage means is arranged to provide a commu- io 
nication between the exterior of said housing and 
an inlet side of said circumferential flow compres- 
sion pump stage. 

3. A vacuum pump apparatus according to 
Claim 1. wherein said plurality of pump stages 75 
comprise a combination of a spiral molecular drag 
pump stage adjacent to said suction port, a centri- 
fugal compressor stage downstream of said spiral 
molecular drag pump and a circumferential-flow 
compression pump stage downstream of said cen- 20 
trifugal compressor stage, and said gas passage 
means is arranged to provide a communication 
between the exterior of said housing and an inlet 

side of at least said centrifugal compressor stage. 

4. A vacuum pump apparatus according to 2s 
Claim 1, wherein said gas introduced through said 

gas passage means has a molecular weight greater 
than that of said gas sucked through said suction 
port. 

5. In a vacuum pump apparatus having a plu- 30 
rality of pump stages of different types anranged 
within a housing and between suction and di- 
scharge ports in said housing to suck a gas 
through said suction port and discharge com- 
pressed gas through said discharge port, said 3S 
pump stages Including a pump stage of a type that 
operates in the viscous flow region, the improve- 
ment which comprises a gas passage means for 
introducing a gas different from the gas sucked 
through said suction port into said pump stage 40 
which operates in the viscous flow region. 
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